Background: The noninvasive encapsulated follicular variant of papillary carcinoma (nEFVPTC) has
| I N TR ODU C TI ON
Thyroid nodules are highly prevalent, and have a 7-15% rate of cancer.
Diagnostic thyroid ultrasound is the recommended approach for patients with possible thyroid nodules. 1 Sonographic findings at the time of fine-needle aspiration biopsy (FNA) can yield accurate and valuable pre-operative information, which may aid in guiding clinical management. The noninvasive encapsulated follicular variant of papillary thyroid carcinoma (nEFVPTC) has recently been reclassified to "noninvasive follicular thyroid neoplasm with papillary-like nuclear features" (NIFTP), shifting this entity out of the malignant category. This re-categorization has major implications due to alterations of presurgical projected rates of malignancy (ROM) 2, 3 and post-surgical management. 4 Literature regarding the sonographic features of NIFTP is Diagnostic Cytopathology. 2018;46:139-147. wileyonlinelibrary.com/journal/dc sparse, and rarely discussed in association with FNA findings. Morphologically NIFTP has overlap with both papillary thyroid carcinoma (PTC) and follicular adenoma (FA). In a recent study published by our group, NIFTP cases typically displayed FA architectural patterns (microfollicles) on pre-surgical FNA cytology, with "papillary-like" nuclear features (nuclear enlargement, overlapping and clearing). The NIFTP pre-surgical cytology diagnoses were most commonly in the indeterminate TBS categories. 5 Our findings suggested that NIFTP can be suspected (but not diagnosed) at the time of FNA cytology. Therefore, we aimed to determine whether ultrasound could help in making a definitive diagnosis. In this study we sought to examine the sonographic features of NIFTP, PTC and FA cases to determine if ultrasound findings could help distinguish these entities. The sonographic features studied included nodule composition, shape, presence or absence of multinodularity, nodule border, level of echogenicity, presence/absence of calcifications, Doppler flow pattern, and Doppler flow grade.
There is only one prior study in the literature evaluating the ultrasound features of NIFTP. 6 To the best of our knowledge, this paper is the first study to evaluate sonographic features of NIFTP and contrast them with the sonographic features of PTC and FA.
| M A TER I A LS A N D M ETH OD S
Our protocol was approved by the NYU Cancer Institute Protocol
Review and Monitoring Committee and by the NYU Institutional Review Board. Study design has been previously reported. 5 In brief, a 
| FNA collection
Ultrasound-guided thyroid FNA was performed by radiologists, endocrinologists, or cytopathologists with 23-to 27-gauge needles with 2-4 passes. Diff-Quik-stained and Ultrafast Papanicolaou-stained, airdried smears were prepared.
| Statistical analysis
Comparisons between variables were made between the following categories: "PTC vs. NIFTP" and "NIFTP vs. FA." v 2 d analyses, including Fisher's exact tests for 2 3 2 tables, were used to assess the categorical variables. The Mann-Whitney U test was used to assess one ordinal variable. The continuous variables were analyzed by independent samples T-tests for equality of means, with homogeneity of variances confirmed by Levene's tests. Statistical significance was defined as P < .05.
The statistical analyses were conducted using IBM SPSS Statistics version 22.
| RE S U L TS
The mean patient ages were 49.4, 46.9, and 46.7 years for NIFTP, PTC, and FA respectively. All groups showed female predominance with 67.5%, 72.4%, and 78.3% women in the NIFTP, PTC, and FA groups respectively. There were no statistically significant differences in laterality amongst the groups (Pearson v 2 tests; NIFTP vs. PTC, P 5 .72) ( Table 1) . FA cases had the largest nodule sizes (mean of 3.2 cm) followed by NIFTP (2.7 cm) and PTC (1.9 cm). Using independent samples T tests, the nodule size parameter showed statistically significant differences between PTC and NIFTP (P 5 .001), while there was no significant difference between NIFTP and FA (P 5 .14). As shown in There is only one other study that examined the sonographic features of NIFTP. 6 In this study, cases of NIFTP on ultrasound were found to be of "low suspicion for malignancy" according to Haugen et al.'s American Thyroid Association pattern classifications. 1, 6 In their study NIFTP more commonly displayed wider-than-tall shape, smooth borders, solid type nodules and lack of calcifications, findings similar to our study. This study did not compare NIFTP to other benign or malignant entities, nor examine Doppler flow pattern or grade, findings that add more information to the literature as reported in our study (Table 3) . 6 Other studies have examined FVPTC nodules in conjunction with indeterminate, suspicious or positive cytology diagnoses and have found benign findings on ultrasound including well-defined margins, oval shape, and a lack of microcalcifications 7, [16] [17] [18] [19] Hahn et al.'s study found similar features on ultrasound when studying FVPTC with indeterminate (57.5%) or positive diagnoses (29.5%) on cytology (similar to our NIFTP FNA findings). While 38.5% of Hahn's cases were EFVPTC, and 65% of these were noninvasive, they did not divide their findings by these subgroups. 7 The most common NIFTP TBS pre-surgical diagnosis in our study was indeterminate (85%), similar to Rosario et al.who found the majority of cases (62%) exhibited indeterminate cytology. 6 Other studies have also found that indeterminate TBS diagnoses are seen in the majority of NIFTP cases. [20] [21] [22] Despite the majority of NIFTP cases in our study showing indeterminate cytology, 7.5% were diagnosed as Benign and 7.5% were diagnosed as PosM.
| D I SCUSSION
NIFTP has been reported to be a low-risk neoplasm which requires less extensive treatment-lobectomy rather than total thyroidectomy, without the addition of radioactive iodine ablation. In conclusion, our study demonstrates that NIFTP as compared to PTC, and as compared to FA display several distinguishing and several overlapping sonographic and Doppler features. While sonographic features of NIFTP appear to be most often similar to benign FAs these features are most useful when used in conjunction with cytology findings in formulating a pre-surgical diagnosis. Together, sonographically
"benign" findings with cytologically concerning features may raise concern for NIFTP in the proper clinical setting, potentially leading to more appropriate management.
